Abstract. Numerous genetic alterations associated with cancer progression have the potential to serve as biomarkers for the early diagnosis of cancer. Numerous studies have suggested that claudin proteins, which are the primary components of tight junction structures, are associated with the regulation of cell polarity and cell differentiation. To investigate the expression profiles of the tight junction proteins claudin-2, -5, -7 and -8 in gastric carcinoma, immunohistochemical analysis, western blotting and reverse transcription-quantitative polymerase chain reaction analysis was used to detect the expression profiles of these claudin proteins in gastric carcinoma tissues and in homologous non-neoplastic mucosal tissues. According to the present study, the expression levels of claudin-7 and claudin-8 were downregulated, while the expression of claudin-5 was upregulated in gastric carcinoma tissues compared with in non-neoplastic mucosal tissues. Additionally, no notable difference was observed between claudin-2 expression in gastric carcinoma tissues and non-neoplastic mucosae. Correlations between claudin-7 and -8 expression and lymphatic metastasis in gastric carcinoma tissues were additionally reported. In summary, the present study revealed the distinct expression profiles of claudin-5, -7 and -8 in non-neoplastic mucosal tissues and gastric carcinoma tissues. Furthermore, the expression of these claudin proteins was highly associated with metastatic progression and prognosis in patients with gastric carcinoma, and had predictive value for the metastasis and survival of patients with gastric carcinoma.
Introduction
Epithelial cell sheets, which overlap over the external and internal surfaces of organs, function as a diffusion barrier that regulates the selective permeation of substances and ions (1) (2) (3) . It has been revealed that tight junctions (TJs) serve crucial functions in the formation of these cell sheets (4) . TJs, which are composed of a network of strands that encircle the cells, form the closest contacts along the apical border of the cell membrane between epithelial cells (5, 6) . At present, it is well accepted that TJs serve a crucial role in epithelial and endothelial physiology (7, 8) . Considering that the majority of cancer is derived from the epithelium (9) , the cellular processes that mediate the acquisition of a tumorigenic phenotype of epithelial cells have become an important area of scientific research (10, 11) . Recently, the destruction of the structure of TJs has become a well-accepted factor that endows transformed epithelial cells with metastatic capability (12) . Recent research has reported that TJs have a vital effect on cell polarity, and may additionally affect cell proliferation, metastasis and invasion. The destruction of the structure of TJs was revealed to lead to the disruption of epithelial cell cohesion and the promotion of epithelial cell invasiveness (5, 6, 13) .
The claudin proteins, which are the primary molecules involved in TJs, include 27 integral membrane proteins (8, 14, 15) . Claudin family members possess four transmembrane domains that form two extracellular loops, and amino and carboxyl terminal tails that extend into the cytoplasm (16) . The extracellular loops of claudin proteins were revealed to be necessary for epithelial barrier integrity and for the maintenance of TJ structure and function (17, 18) . Additionally, the claudin proteins were reported to interact with other TJ proteins and to be involved in cell signaling pathways via a PDZ domain in the C-terminus within the cytoplasm (14, (19) (20) (21) (22) (23) . These studies have suggested that the abnormal expression of claudin proteins may serve a particular role in cancer progression (24) .
In the majority of tissues, the combination of numerous claudin proteins leads to the formation of TJs via homotypic or heterotypic interactions, or interactions with other TJ proteins (25, 26) . Previously, it was suggested that the expression profiles of claudin proteins may vary among different tissue type (27) . The functions of claudin proteins may be highly tissue-specific and may depend on the active molecular pathway in epithelial cells (28) . Alterations in claudin expression are common phenomena that are associated with tumorigenesis and cancer progression (29) . Thus, the objective of the present study was to investigate the expression profiles Differences in the expression profiles of claudin proteins in human gastric carcinoma compared with non-neoplastic mucosa of claudins, which are TJ molecules, in gastric carcinoma and non-neoplastic mucosal tissues.
Patients and methods
Patients. Sections were collected from 100 patients with gastric carcinoma who were treated at the First Hospital of Jilin University (Changchun, China) during the period between October 2006 and September 2011. There were 61 males and 39 females and the patients' age ranged from 41 to 86 years with a median of 63 years. The cases were selected based on the following criteria: Pathologically confirmed diagnosis of gastric carcinoma; no previous malignant disease or second primary tumor; and no history of radiotherapy and chemotherapy. All the patients with gastric carcinoma were graded and classified according to the International Union against Cancer staging system (30). Histologically normal gastric tissues were additionally obtained from patients who were treated at the First Hospital of Jilin University during the period between October 2006 and September 2011 with inflamed or enlarged tonsils that were identified to be histologically non-neoplastic. There were 52 men and 48 women with average age of 43 years. The medical records of the patients were reviewed to determine the clinical and pathological characteristics. The follow-up durations were between 19 and 60 months. Among the patients, 46 were diagnosed with metastatic disease, 29 had recurrent tumors and 24 succumbed to mortality due to the disease. Prior patient consent was obtained from patients. The present study was approved by the Ethics Committee of Jilin University (no. 20100136) for the use of patient samples for research purposes. Immunohistochemistry. An immunohistochemical analysis was performed according to the manufacturer's protocol of UltraSensitiveTM SP (Mouse/Rabbit) IHC kit (cat. no. KIT-9710, Maixin Biological Technology Development Company, Fujian, China). Sections (1.5 mm thick) were incubated at 4˚C overnight with the rabbit anti-human claudin-2 antibody, the rabbit anti-human claudin-5 antibody, the rabbit anti-human claudin-7 antibody, the rabbit anti-human claudin-8 antibody, the rabbit anti-human zonula occludens-1 antibody, the rabbit anti-human E-cadherin antibody diluted 1:450, 1:300, 1:350, 1:400 1:400 and 1:400 respectively. Subsequently, the slides were incubated with goat anti-rabbit amplification reagent (included in the IHC kit) for 30 min at room temperature and followed by incubation with diaminobenzidine (DAB) for 5 min at room temperature. For negative controls, the tissue sections were incubated with isotype antibodies (diluted at same concentration with primary antibodies) the at 4˚C overnight. All sections were scored by two pathologists using a light microscope (E100; Nikon Instruments Inc, Japan; magnification, x400).
Materials
Western blot analysis. Western blotting was used to detect the expression of claudin proteins in 12 human gastric carcinoma tissues and non-neoplastic mucosae, which were randomly selected from the 70 samples of gastric carcinoma tissues and homologous non-neoplastic mucosal tissues. Tissue lysates were prepared from each gastric carcinoma tissues and non-neoplastic mucosae, and protein concentration was determined using BCA Protein Assay Kit (Pierce; Thermo Fisher Scientific, Inc., Waltham, MA, USA). Western blotting was performed as previously described (31) . Twenty micrograms of total proteins were separated on 10% SDS-PAGE and then transferred onto nitrocellulose membrane (Thermo Fisher Scientific, Inc.). Briefly, the membranes were probed overnight at 4˚C with the aforementioned primary antibodies (anti-claudin-2, 1: 1,000; anti-claudin-5, 1:1,000; anti-claudin-7, 1:1,000; anti-claudin-8, 1:1,000 and GAPDH 1:1,000), and incubated with HRP-conjugated secondary antibodies (1:1,000 dilution; cat. no. 4414; Cell Signaling Technology, Inc., Danvers, MA, USA). Immunoreactive bands were detected using ECL western blot reagents (GE Healthcare, Chicago, IL, USA) and analyzed with Image Lab 6.0.1 Software (Bio-Rad Laboratories, Inc. Hercules, CA, USA).
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) for the detection of claudin mRNA.
RNA was isolated from frozen specimens using TRIzol reagent (Thermo Fisher Scientific, Inc., Waltham, MA, USA) according to the manufacturer's protocol. RT-qPCR reactions were performed as previously described (32) . The relative expression was based on the expression ratio of a target gene compared with that of GAPDH. The primers used were as follows: Claudin-2 forward, 5'-CCA ACC TCA GCC AGA GAG AGG-3' and reverse, 5'-TCC CCA AAC CCA CTA ATC ACA-3'; claudin-5 forward, 5'-CCT TCA TCG GCA ACA GCA TC-3' and reverse, 5'-CGT ACA CCT TGC ACT GCA TC-3'; claudin-7 for wa rd, 5'-ATG GCC A AC TCG GGC CTG CA A CTG-3' and reverse, 5'-TCA CAC GTA TTC CTT GGA GGA ATT-3'; claudin-8 forward, 5'-CGT CTT GGC TTT CTT GGC TTT CAT G-3' and reverse, 5'-GGC AAC CCA GCT GAC AGG-3'; and GAPDH forward, 5'-AAC GTG TCA GTC GTG GAC CTG-3' and reverse, 5'-AGT GGG TGT CGC TGT FGA AGT-3'.
Criteria for the positive expression of claudin proteins in gastric tissues. The staining and scoring of the claudin protein expression levels were classified semi-quantitatively based on the total combined scores of the percentage of positively stained tumor cells together with the staining intensity (33) . A tumor was scored '0' if <5% of tumor cells stained positive, '1' if 5-30% of cells were positive, '2' if 30-50% of cells were positive and '3' if >50% of cells were positively stained. The staining intensity was scored as '0' if no cells were stained or if only weak staining was present, '1' if moderate staining was present, and '2-3' in cases of strong staining. The final score of the claudin protein expression was defined as 'low claudin expression' if the sum of the positivity score and the staining intensity score was 0-1, and 'high claudin expression' if the sum was 2-3. In each case, ≥5 different areas of the tumor were examined and the mean of the results was used as the final expression score.
Follow-up. Patients were followed-up to 60 months to evaluate metastasis and to determine survival. Survival time was calculated as the time from the beginning of diagnosis to the time of mortality or loss to follow-up. By the end of September 2016, all patients had received follow-up either on an outpatient basis or by telephone interview. The mortality status of each patient was confirmed.
Statistical analysis. All data are presented as the mean ± standard deviation. The χ 2 test/χ 2 goodness-of-fit test was used to determine the prognostic significance and value. A Student's t-test was used to analyze the significance of the differences between two groups. Origin 7.5 laboratory data analysis software (OriginLab, Northampton, MA, USA) and image processing software (Image-Pro Plus 6.0, Media Cybernetics, Inc., Rockville, MD, USA) were utilized to quantify the data. Survival was analyzed by the Kaplan-Meier method following by log-rank tests.
Results

Claudin-2 expression in gastric cancer is not notably different compared with that in non-neoplastic mucosa.
The expression of claudin proteins was investigated in the membranes of gastric cancer tissues and non-neoplastic mucosal tissues. Claudin-2 was highly expressed in 37.0% (37/100) of gastric cancer tissues and 41.0% (41/100) of non-neoplastic tissues. The results of the present study indicated that claudin-2 expression in gastric cancer samples exhibited no notable difference compared with histologically normal gastric tissues (χ 2 test/χ 2 goodness-of-fit test; P= 0.374; Fig. 1A and B) . The expression of claudin-2 was not associated with age (P=1.000), histological grade (P=1.000), Ki67 (P=0.232), clinical staging (P=1.000) and lymph node metastasis (P=0.368; Table I ). The expression levels of claudin-5, -7 and -8 varied between gastric cancer tissues and in non-neoplastic mucosa.
Membrane expression of claudin-5 was high in 47.0% (47/100) of gastric cancer tissues and 19.0% (19/100) of non-neoplastic tissues (Fig. 1C and D) . Claudin-7 expression was detected to be high expressed in 22.0% (22/100) of gastric cancer tissues and 54.0% (54/100) in non-neoplastic tissues ( Fig. 1E and F) . High expression of claudin-8 protein was detected in 31.0% (31/100) of gastric cancer tissues and 53.0% (53/100) of non-neoplastic tissues ( Fig. 1G and H) . A basolateral membrane marker (E-cadherin) and TJ (zonula occludens-1) were used as the positive control, to make the results of claudin localization to the membrane more visible (Fig. 1I-L) .
As mentioned previously, the results of the present study suggested that membrane expression of claudin-5 was significantly increased in gastric cancer samples compared with histologically normal gastric tissue (P<0.01). Additionally, the membrane expression of claudin-7 and claudin-8 in gastric cancer tissues was significantly decreased compared with non-neoplastic tissues (P<0.01).
As presented in Table I , claudin-5 expression was associated with lymph node metastasis (P<0.01), although it had no association with age (P= 0.261), histological grade (P= 0.614), clinical staging (P= 0.863) or expression of Ki67 (P= 0.443). In addition, as presented in Table II , the expression of claudin-7 was associated with clinical staging (P<0.01) and lymph node metastasis (P<0.01), although it had no association with age (P= 0.782), expression of Ki67 (P= 0.382) or histological grade (P=1.000). In addition, the expression of claudin-8 was associated with lymph node metastasis (P<0.01), although it had no association with age (P=1.000), clinical staging (P=1.000), histological grade (P=0.524) or expression of Ki67 (P=0.746; Table II) .
Expression of claudin proteins in non-neoplastic mucosa and gastric cancer tissues.
Semi-quantitative immunoblotting was utilized to investigate statistical differences in claudin expression between non-neoplastic mucosa and gastric cancer tissues. Claudin-2, -5, -7 and -8 were detected at approximately 22 kDa in all tissues. According to the scanning results, claudin-2 expression levels did not exhibit notable differences between gastric cancer tissues and non-neoplastic tissues ( Fig. 2A) . The expression of claudin-5 was upregulated in gastric cancer tissues compared with in non-neoplastic tissues (Fig. 2B ).
In addition, the expression of claudin-7 and claudin-8 was significantly downregulated in gastric cancer tissues compared with non-neoplastic tissues (Fig. 2C and D, respectively) .
The statistical differences in the expression of claudins are presented in Fig. 2E . Expression of claudin mRNA in gastric cancer and non-neoplastic mucosa. qPCR was used to determine the statistical differences in the mRNA expression of claudins between non-neoplastic mucosa and gastric cancer tissues. As presented in Fig. 3 , the difference in claudin-2 mRNA expression levels between gastric cancer tissues and non-neoplastic mucosa was not statistically significant. Compared with non-neoplastic tissues, the mRNA expression levels of claudin-5 were significantly upregulated in gastric cancer tissues, while the mRNA expression levels of claudin-7 and claudin-8 were significantly downregulated in gastric cancer tissues. This corresponded with the results obtained by immunoblotting.
Claudin-7 and claudin-8 are concurrently expressed in gastric cancer tissues. In addition, the association between claudin-7 and claudin-8 expression in gastric cancers tissues and non-neoplastic mucosa was investigated using the χ 2 test/χ 2 goodness-of-fit test. As presented in Tables III and IV , the association between claudin-7 and claudin-8 was reported.
Clinical correlations and survival. Follow-up ranged between 19 and 60 months. Patients with tumors that were positive for claudin-7 and claudin-8 proteins had a significantly longer survival compared with those whose tumors were negative for these two proteins (P= 0.002 and P= 0.011, respectively); patients with tumors that were positive for claudin-5 protein expression had a significantly shorter survival duration compared with those whose tumors were negative for this protein (P=0.004; Fig. 4 ).
Discussion
The loss of TJ structure caused by aberrant expression of claudin proteins has been suggested to be of extreme importance in the promotion of the diffusion of nutrients and other factors that are necessary for the survival and proliferation of cancer cells (34, 35) . Previous research has revealed that the expression of TJ claudin proteins is frequently altered in various cancers (36) . This was demonstrated in a study that suggested that the expression of claudin-1 was downregulated in pancreatic cancer cells and that re-expression of claudin-1 reduced the invasive ability of these cells (11, 36) . Similarly, it was revealed that the expression of claudin-8 was downregulated in head and neck cancer, and invasive breast cancer (37) . These reports of downregulated claudin protein expression in a variety of human cancer cells are in agreement with the generally accepted idea that tumorigenesis occurs along with the loss of TJ integrity caused by the downregulation of claudin proteins (38) (39) (40) . Conversely, several studies have suggested that the expression levels of numerous claudin proteins are increased in cancer (14, 41) . For instance, a number of reports have revealed the upregulation of claudin-3 and claudin-4 in breast cancers (42) . Additionally, a majority of the studies published thus far have reported increased expression of claudin proteins in various human cancer types; the differential regulation of claudin proteins in various types of cancer represents an opportunity to determine the mechanism of different therapeutic responses (34, (43) (44) (45) .
In view of the specificity of claudin expression profiles in human cancer, it has been revealed that claudin proteins may serve as useful molecular markers for cancer diagnostics. There are numerous publications on the expression profiles of claudin proteins in gastric cancer. For instance, it has been demonstrated that claudin-1 may be a biomarker for intestinal-type gastric cancer with reduced survival (46) . Claudin-4 was significantly correlated with tumor T stage and with intestinal type classification in gastric cancer (47) . In addition, the expression of claudin-10 and claudin-17 was downregulated, while the expression of claudin-14 was upregulated, in gastric cancer tissues compared with in tumor adjacent tissues (48) . The expression of claudin-11 and -23 was greatly increased in paracancerous gastric tissue compared with cancerous tissue (49) . These results suggested that the functions of claudin proteins may be highly tissue-specific and may be the candidate biomarkers of gastric cancer progression. Additionally, Lin et al (34) revealed that the expression of the TJ proteins claudin-2, -6 and -11 varies between human gastric cancer and adjacent non-neoplastic tissues. The expression of claudin-2 and claudin-6 was downregulated while the expression of claudin-11 was upregulated in gastric cancer tissue. Differing from the results of the present study, the localizations of claudin proteins in research of Lin et al (34) were distributed in the cytoplasm and the expression of claudin-2 was downregulated in gastric cancer tissues compared with adjacent non-neoplastic tissues. There were certain notable deficiencies in research of Lin et al (34) ; for example, the localizations of claudin proteins were distributed in cytoplasm, and they did not appear to be TJ-associated; only 28 samples of non-neoplastic tissues adjacent to the tumors, rather than non-neoplastic mucosal tissues, were examined for the expression of claudin proteins. In summary, testing the application of claudins as cancer biomarkers in gastric cancer is not novel; however, the expression profiles of the TJ proteins claudin-2, -5, -7 and -8 in gastric cancer and gastric non-neoplastic mucosal tissues requires further investigation.
In the present study, it was revealed that the expression levels of claudin-7 and claudin-8 were downregulated, while the expression levels of claudin-5 were upregulated in gastric carcinoma compared with non-neoplastic mucosa. The correlations between the expression of claudin-5, -7 and -8 and lymph node metastasis were additionally observed, which revealed that the expression levels of these claudins may have the potential to be established as prognostic indicators in patients with gastric carcinoma. In addition, claudin-7 and claudin-8 were concurrently expressed in the mucosae and in gastric carcinoma tissues, which suggested that claudin-7 and claudin-8 may participate in the composition of TJ structure in gastric tissues. In addition, patients with tumors that were positive for claudin-7 and claudin-8 protein expression had a significantly longer survival time compared with those with negative tumors, while those with tumors that were positive for claudin-5 protein expression had a significantly shorter survival time compared with those with negative tumors.
In view of the observations made in the present study, patients may be screened following surgery for the expression of these claudin proteins. Due to the association between the expression of these claudin proteins and survival, these proteins may represent novel tumor markers and therapeutic targets. In the future, the specific mechanism that is responsible for the observations in the present study, on how alterations in claudin protein expression affect the malignant and oncogenic phenotype of gastric carcinoma, may be investigated.
In summary, the results of the present study inferred that the expression of claudin-5, -7 and -8 was altered between human non-neoplastic mucosa and gastric carcinoma tissues, and that their expression was associated with lymph node metastasis. Additionally, claudin-7 and claudin-8 were concurrently expressed in non-neoplastic mucosal and gastric carcinoma tissues.
